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Abstract 
A numerical model has been developed to predict the sensitivity of QCM (Quartz Crystal Microbalance) sensors. 
Such device is coated with a spray-deposited polymer, which has a specific affinity for a given family of molecules: 
here, nitro aromatic compounds are the target as they are key compounds for explosives trace detection in gas phase. 
The model is tested by a set of initial measurements performed on several target and interfering molecules. Physico-
chemical characterizations are used to validate the model assumptions. The main goal of our approach is twofold: (i) 
to improve the choice of sensing material for chemical sensor development with a small number of experimental 
detection tests and (ii) to predict the response of a given material to other analytes. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Explosives have become a global threat. Artificial sensors have to be developed for the detection of 
several targets and with the requirement of improved sensitivity and specificity. Usually, the design of 
sensing materials is driven by screening methods. The main limitation of such an approach is the 
requirement of a large panel of measurements with many materials and analytes. In order to rationalize 
the development of such systems, it is essential to improve our understanding of involved processes and 
to build tools for the prediction of sensor performances from the knowledge of physico-chemical structure 
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of sensing materials and target molecules. Here, we show, on a set of polysiloxanes, that the use of 
several physico-chemical methods is a key for validating the several hypothesis of the model, for 
reducing the number of calculated or fitted parameters and to generalize the model to different sensing 
materials. PM-RAIRS (polarization modulated reflection absorption infrared spectroscopy) measurements 
give access to the absorption process and kinetic, Nuclear Magnetic Resonance 1H chemical shift is a 
probe of binding energy. Either from miscibility/solubility measurements or with group contribution 
methods, Hansen solubility coefficients of arbitrary sensitive materials can be determined and used to 
calculate absorption enthalpy. 
2. Materials and methods 
2.1. Microbalance sorption 
Coated 9 MHz AT-cut microbalances (Seiko) with polished gold electrodes were used to test 
sensitivity of some polysiloxanes [2],[3] with a range of different analytes. 
The devices were submitted to a controlled amount of vapour, set by using a μseringue. The observed 
frequency shifts were then modeled. 
Figure 1. Equilibrium of the analyte at a vapour pressure Pvap with the sensing material coating the microbalance, yielding a ΔF 
frequency shift. Accordind to Sauerbrey equation, if the conditions are gathered, ΔF is linearly correlated to the mass variation. 
2.2. Model validation 
QCM measurements performed on viscous elastomers can potentially depend not only on the adsorbed 
mass but also on rheological properties and wettability [4]. With PM-RAIRS, absorption of the analyte on 
the sensor was semi-quantitatively measured in-situ (figure 2). It has been observed that mass absorption 
of low volatility aromatic compounds is well correlated to the frequency variation ΔF measured by QCM. 
It thus demonstrated that ΔF can be considered as a direct measure of mass variation. This is not a general 
rule and the situation can be different when a high amount of non viscous solvents was adsorbed 
Figure 2. 2-nitrotoluene absorption as a function of time on a polysiloxane. 
ΔF~k. Δm 
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2.3. . Analyte – polymer interactions : study by 1H-NMR 
NMR chemical shift contains more than intramolecular structural information. It depends to second 
order on the close environment of the molecule, i.e. intermolecular interactions. The different 
contributions to this effect have been identified and a simple formulation has been proposed on early days 
of NMR [5]. It appeared that in a binary mixture, a specific contribution can be isolated by a simple 
combination of the chemical shifts of both compounds. This observable has been measured on a series of 
binary mixtures and its evolution was followed as a function of molar composition (figure 3).  
Figure 3. Spectra of binary mixtures and the corresponding chemical shift variations as a function of composition. Affinity between 
compounds are deduced from a fit to experimental data (continuous lines). 
Test were conducted on model systems and the curves were fitted with two different models: i) within the 
assumption of a formation of a 1/1 weak energy complex, ii) assuming a local composition around the 
analyte different from the global composition. The methodology was then applied to  
polysiloxanes / analytes studied with QCM. [6] 
2.4. Solubility  coefficients 
The model described has been built to predict the response of a specific material exposed to many 
analytes. To generalize this approach to other materials a main requirement is to have their Hansen 
solubility parameters.  
Figure 4. Solubility sphere of a fluorinated polysiloxane : soluble solvents (circles) are inside the sphere whereas immiscible 
solvents (dots) lye outside the sphere. Coordinates are dispersive component, polar component and hydrogen bonding component. 
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According to a standard method [6], these quantities were obtained by determining the 
miscibility/solubility of the polymer with a series of analytes. After that, the Hansen’s sphere of solubility 
can be built : Data are obtained in a binary form : solvents and non solvents. Each analyte is represented 
in 3D space using their cefficients (tabulated). To each solvents corresponds three coefficients, so they 
can be plotted in a 3D space (figure 4). An optimization procedure is used to determine the best sphere 
which limits the solubility: inside the sphere, solvents are miscible with the polymer, outside they are not. 
The coordinates of the center, solubility parameter of the polymer, were used to calculate the sorption 
energy. 
Alternatively,  numerical methods were used to obtain these parameters These methods based on thegroup 
contributions increments have been thoroughly described and are suited to obtain partial solubility 
coefficients from the chemical structure of a polymer. 
3. Modeling 
Assuming Henry's law applicability, it is possible to predict the sorbed amount of analyte given a 
simple thermodynamic formula. The henry’s law constant, K, is reachable with the vaporization gibbs 
free energy ΔGvap and the mixing free energy ΔGmix: -RT.lnK = -ΔGvap + ΔGmix. The first one, ΔGvap  is 
tabulated and the second one ΔGmix is calculable with Hansen parameters determined with the above 
methodology. The validity of this approximation is verified through affinity measurements by NMR.  
It is shown that the selectivity of a material toward an analyte is to first order governed by the 
volatility of the analyte. On the opposite, the selectivity toward many materials is dictated by the 
chemical affinity when one analyte or several analytes with close volatility are considered.  
This approach has been successfully applied to polysiloxanes aiming at detecting nitro aromatics. 
4. Conclusion 
The approach relies on the development of a model to predict the sensor sensitivity. It was shown that 
the use of several physico-chemical methods is a key for validating the several hypothesis of the model, 
for reducing the number of calculated or fitted parameters and for extending the model to different 
sensing materials.  
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